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only after a period of contact with it but no very definite experimental evidence is available and opinions differ. Similarly, it is not known whether the carbon compounds serve as a definite, specific inciting stimulus to variation or merely as a selective agent. The factors involved in formation of secondary colonies are more difficult to analyze on complex than on simple synthetic media.
The present report is based on a study of eleven strains of colon bacteria variable to lactose or sucrose, two strains of B. paratyphi B variable to raffinose, and three strains of B. typhi variable to rhamnose.
The colon strains were isolated from various sources including soil, water, feces, and a sample of cheese suspected of having been the cause of some mild cases of food poisoning. The lactose-positive strains of colon bacteria were isolated by plating on eosin-methylene-blue agar, with or without preliminary enrichment in lactose broth. Colonies were selected for isolation which either produced no color or lacked the typical metallic slheen. After replating from dilute aqueous suspensions, stock cultures were isolated and maintained on beef-extract peptone agar. All strains chosen for subsequent experiments caused delayed fermentation of lactose and formed secondary colonies on lactose peptone agar (Fig. 6 ). The sucrose-variable strains were discovered among some stock cultures isolated from human feces. With three exceptions the several strains had been in culture for about two years before opportunity was afforded to perform the experiments.
Before beginning the experiments proper, such differential tests were made as are necessary for classification according to the simplified system of Levine (1921) . The characteristics are shown in table 1. The collection is seen to be heterogeneous. A similar condition has been reported by Kriebel (1934) for a long list of non-lactose-fermenting bacteria. It is probable that any species of either the coli or aerobacter sections may occur in the mutabile form.
Ability to utilize the homologous carbon compound was tested in a synthetic medium containing ammonia as a source of nitrogen.
The mineral base, prepared according to the formula of Frazier and Rupp (1928) , and the sugars were separately sterilized. Tests were made in the liquid synthetic medium and with the addition of 2.0 per cent of bacto agar. Inoculums were prepared from young agar slant cultures by suspending in sterile water in such concentration that the inoculated liquid medium contained about one hundred cells per cubic centimeter and plates not more than two hundred cells per plate. + denotes prompt fermentation with acid and gas;-+, delayed fermentation with acid and gas; -, no fermentation.
All strains except no. 7 proved to be capable of growth in synthetic media, in the first as well as successive serial transplants. The number of colonies in synthetic agar plates was equal to the number in control plates containing beef-extract peptone agar. Colonies of aerobacter strains developed an acid reaction to brom-thymol-blue within forty-eight hours. Sucrose-variable strains of the coli section were somewhat more vigorous than strains variable to lactose and formed acid. Strains 4, 5, 8 and 9 produced very small streptococcus-like colonies almost invisible to the unaided eye even when streaked on the surface. Reaction of the agar remained alkaline, and colonies were bluish white. Within a period of five to eight days, secondary colonies began to appear. These remained small, little more than minute papillae ( fig. 4) 1,100,000,000 5,500,000,000 72 800,000,000 1,050,000,000 5,800,000,000 84 740,000,000 920,000,000 5,600,000,000 96 660,000,000 850,000,000 2,840,000,000 120 100,000,000 620,000,000 530,000,000 was greatly delayed or completely failed. However, growth was always obtained in shallow layers even when few cells were introduced.
The growth rates of strain number 1 in lactose synthetic medium, peptone water 1 per cent and peptone 1 per cent plus lactose are shown in table 2. There was no great difference between peptone water alone and peptone plus lactose during the first 24 hours but following this, a much more rapid rate developed and a higher maximum number of cells was produced. Likewise the death rate occurred more rapidly due to the high acidity developed after the third day. Growth in the synthetic medium was slow during the first 24-hour period, but eventually reached a maxi-mum which was not markedly different from that in peptone water. The reaction became acid after about 84 hours accompanied by rapid depopulation.
Plating from the lactose tubes to eosin-methylene-blue agar gave lactose-positive variants which were easily recognized by greater size as well as characteristic color. Variant races produced the full acid reaction in lactose peptone water within 12 hours. Sub-races were isolated from each of the several strains by plating on the appropriate sugar medium from tubes or suspensions of secondary colonies. In all cases the variants grew more vigorously than the originals on media containing the appropriate sugar and caused prompt fermentation. In most cases the lactose-positive strains failed to form the typical metallic sheen on eosin-methylene-blue agar. Most frequently the colonies developed a deep purple center surrounded by a more or less colorless border. In some cases minute papillae formed on old colonies of this type, from which typical colonies were obtained by plating. It was also noted that some secondary colonies developed the so-called tertiary colonies with age. It appears that a full capacity to attack lactose is acquired in such cases by a series of stages. Variant colonies of all aerobacter strains were typical of the normal for this species.
These experiments show that mutabile strains of colon bacteria are able, in most cases, to utilize the sugar to which variation occurs and in some cases to form acid. The latter point is difficult to determine for the reason that small amounts of acid may be completely neutralized by alkali; likewise because variation soon causes a mixture of variant and original cells. The single strain which made no growth in lactose synthetic media will be discussed more fully in a subsequent section.
THE R6LE OF SPECIFIC CARBON COMPOUNDS IN VARIATION
Since mutabile strains of bacteria, when cultivated in media containing the appropriate sugar or alcohol, yield an abundance of positive variants, the conclusion has generally been reached that a carbon compound to which an organism is variable exerts some sort of a specific, inciting stimulus to variation. There is little definite proof that this is true, but we have generally accepted it in the absence of a better explanation. Burri (1910) explained such variation as due to the activation of a latent ability to secrete a specific enzyme through stimulation derived from the sugar. The capacity once activated for any cell is transmitted to its progeny. Stewart (1927) concluded that lactose or other sugar is wholly without influence except at a certain brief period in the life of a culture when its vegetative activity ceases and a process of segregation and autogamic conjugation occurs. The sugar if present at this time influences the segregation of characters. The experimental evidence presented in support of this hypothesis is not convincing. Reiner Miuller (1911) invoked the side-chain theory to explain the specific effect of rhamnose on the variation of B. typhi.
An examination of the meager evidence in support of a specific inciting stimulus reveals the fact that we are dealing with an hypothesis rather than an established fact. Direct experimental proof of the truth of this hypothesis is difficult, if not impossible to obtain, but if it can be shown that such variation occurs in the absence of the specific sugar, then the theory of a definite inciting stimulus will have lost its chief support.
It has been suggested by some workers, Smith (1913) and others, that variation occurs spontaneously in the absence of any specific sugar, but if the sugar is present it acts as a selective agent, since the variant cells are benefited by it, and are thus enabled to multiply more rapidly than the original type. This might result in slow but steady transformation of the population until variant cells would eventually predominate. This explanation has much to recommend it on theoretical grounds, but has met no very general favor because of inadequate experimental proof. Nungester and Anderson (1931) studied a coliform bacillus which varied with respect to lactose, and obtained lactosepositive variants in one instance by plating to lactose agar from a sucrose broth culture. Havens and Irwin (1932) were able to isolate both sucrose-positive and negative strains from plain agar cultures of Salmonella Morgani. They concluded that variation occurred spontaneously under ordinary conditions of cultivation with no apparent environmental stimulus. Burri (1909) studied a culture of Neisser's original B. coli-multabile and found both lactose-positive and negative colonies when plain agar cultures were plated on Endo's agar. He concluded that the culture consisted of a mixture of two types of cells. On the other hand, he believed that all cells of his B. imperfectum were alike in non-fermentation of sucrose and could acquire this capacity only through the stimulus of sucrose.
It has been mentioned above that one of our mutabile strains proved to be incapable of growth in lactose synthetic media when inoculated with a small number of cells. This strain caused fermentation more promptly than others, within 36 hours, when cultivated in lactose peptone water, and formed secondary colonies on lactose agar on the second day. An experiment was performed to determine whether cultures grown on plain agar contained any cells, of variant or original type, capable of utilizing lactose as a sole source of carbon. This experiment was based on the method of Braun and Cahn-Bronner (1922) who succeeded in obtaining ammonia-assimilating strains of B. paratyphi A and B. typhi by heavy inoculations and serial transplants in a medium containing ammonia as the only source of nitrogen. Neither organism was capable of growth in this medium when inoculated in the usual way, but when enormous numbers were introduced, some few cells were able to grow. Pure cultures of ammoniaassimilating strains could then be obtained.
The present experiment is a modification of this method. A 24-hour agar slant culture was washed down with 10 cc. of water and further diluted by steps of ten to include the complete range from one tenth to one billionth part of the culture. All dilutions were plated in glucose as well as lactose synthetic agar in order to determine with certainty that failure to obtain growth in the preceding experiment could not have been due to the nitrogen source. The highest dilutions were plated in peptone beef-extract agar to determine the number of cells introduced into the plates of lower dilutions. Computing from the plain agar series, it was estimated that the lowest dilution contained about three billion cells per cubic centimeter. Growth occurred throughout the range in glucose synthetic agar. The colonies in plain agar and glucose synthetic agar were practically equal in the high diltitions. Lactose synthetic agar supported growth in low dilutions only. Plates above the 100,000 dilution were sterile. The number of colonies in plates which supported growth was proportional to the dilutions. It was determined that not more than one cell per 100,000 could grow in this medium.
The colonies grew vigorously with formation of acid. Transplants to eosin-methylene-blue agar gave typical metallic colonies in some instances, while in others the colonies were purple or with purple centers. Shake cultures in lactose peptone agar produced acid and gas within 12 hours. It was thus shown that cells of two types were present in the original culture. All cells capable of growth yielded races which could not be distinguished from variants isolated by plating from secondary colonies.
There seemed no reason to believe that the culture consisted of a mixture of two unrelated strains. However this possibility had to be excluded before we could conclude that variation occurs spontaneously without the influence of lactose.
Two methods of experimentation were available, namely, isolation of pure strains by single-cell methods or testing numerous colonies from ordinary plain agar plates. Since the latter appeared likely to afford reliable results, the experiments were carried out by this method. The previous experiment had shown that variants are present in small numbers only. It seemed, therefore, that plating to plain agar from high dilutions would insure separation of the two types. Accordingly, plate cultures were prepared from a 24-hour broth culture diluted onie to one hundred million. Such plates contained about 8 to 10 colonies, not more than 2 or 3 of which grew on the surface. Each colony to be tested for variants was scraped off as completely as possible and emulsified in 100 cc. of sterile water. The number of cells capable of growdth in lactose synthetic agar was determined by plating 1 cc. of the suspension in this medium and the total number by plating appropriate higher dilutions in beef extract peptone agar and glucose synthetic agar. The results are shown in table 3. It is seen that all colonies contained variants and that the proportion of original to variant cells was relatively uniform.
In addition to this experiment, numerous colonies from plain agar plates were tested by taking up as much of the growth as possible, suspending it in 10 cc. of water, and plating 1 cc. in lactose synthetic agar. This series included 100 colonies from plain agar plates prepared from high dilutions as described above. All colonies contained variant cells in about the same number per colony shown in table 3. Thus it is proved that variation occurs in this strain in the absence of lactose. The variant cells, however, are so few in number as to escape detection by conventional methods of plating. figure 3 . In addition to differences in size the variant colonies became much more deeply yellow than the originals which remained pale yellow or greenish colored. The number of variant colonies could be determined with almost the same accuracy as in the case where no colonies of the original type developed. Some differences were found in the number of varialnts but single well separated colonies of all strains on plain agar contained such cells in a proportion not greater in any case than about one variant per hundred thousand original cells.
In some cases it was noted that deep variant colonies became surrounded by a definite halo caused by stimulating the growth of colonies of the original type. (Fig. 5.) The halo zone could not be observed until the colonies reached an age of about 48 hours, and required several days to arrive at the maximum diameter, which might be as much as one or more centimeters. Such a complex might appear to the unaided eye as a single large colony. This phenomenon seems to depend on hydrolysis of the sugar which makes it more readily available for the surrounding colonies. It probably signifies the most fundamental difference between original and variant type cells.
The method thus far described of testing a colony for variants is limited to organisms which are capable of utilizing ammonia as a source of nitrogen. Since some mutabile strains of bacteria require a more complex source of nitrogen, a test was made to determine whether or not variants could be distinguished in peptone media containing sugar. As in the cases already reported, heavy seeding was employed. MIedia containing 1.0, 0.1 and 0.01 per cent peptone were tested. With two exceptions the differentiation was almost as satisfactory as in synthetic media. Strains 1 and 10 showed little or no difference in size of colonies.
There was no special advantage noted in the smaller amounts of It is known that B. paratyphi B utilizes ammonia and also varies with respect to raffinose in the same manner as mutabile strains of colon bacteria vary to lactose and sucrose. Two strains only were available for testing. The history of these strains is not well known but they have been carried as stock cultures in this laboratory for many years. When plated out on beefextract peptone agar containing 0.5 per cent of raffinose, one of the strains produced two types of colonies, about equally numerous, which differed in vigor of growth. The more vigorous colony produced no secondary colonies, while the relatively thinner and less vigorous type produced them in great abundance. The second stock culture showed but one type when plates were streaked to give well scattered colonies. Secondary colonies developed abundantly on all primary colonies. This strain was used for further tests. It grew well in raffinose synthetic media, producing as many colonies in the synthetic agar as in beefextract peptone agar inoculated with an equal number of cells. It is shown, therefore, that B. paratyphi B resembles the majority of mutabile colon strains in its capacity to utilize the carbon compound with respect to which variation occurs.
It remained to be determined whether variation occurs in a medium without raffinose. Although it was anticipated that synthetic raffinose agar would be found preferable to media containing peptone, such was not the case. In heavily seeded plates the colonies were all minute and variants were not readily distinguishable. When the medium contained 1.0 per cent of peptone no very clearly marked difference in size could be noted. A medium containing 0.1 per cent of peptone and 0.5 per cent of raffinose was found to give a sharp differentiation. This medium was employed to test colonies which had produced secondaries on raffinose agar as well as whole colonies from plain agar. Variant cells in the latter case rarely exceeded about 100 or 200 per colony.
B. typhi varies with respect to rhamnose but in most cases does not assimilate ammonia. Three stock cultures including the Raw-lins strain were plated out on beef-extract peptone agar plus 0.5 per cent of rhamnose. Each produced numerous secondaries and the primary colonies appeared to be of uniform type. These strains were tested for variants in plates heavily seeded from single colonies which had grown on beef-extract peptone agar. A medium containing peptone 1.0 per cent plus rhamnose 0.5 per cent was found suitable. Original type colonies in such densely seeded plates were very minute while those of the variant type were easily seen with the unaided eye. Not more than 50 to 100 large colonies were obtained in plates seeded with a whole colony from plain agar.
It should be noted that in all cases the large colonies were proved to be pure variants by establishing cultures and applying the necessary differential tests. Since secondary colonies are able to develop within the mass of a primary colony it is not surprising that they should grow more vigorously than the original type in densely seeded plates. Such plates are almost if not quite analogous to a single giant colony.
The fact that variation to specific carbon compounds occurs in mutabile strains independently of the compound has not been generally recognized. Burri (1909) reported some experiments which deserve mention in this connection. His conclusions have been frequently quoted but seem to be mainly erroneous.
The experiments upon which Burri based his conclusions were carried out in tube cultures of a sucrose-variable organism of the mutabile type. When shake cultures were made in sucrose agar with heavy seeding, (about ten million cells) he observed both small and large colonies. The latter were few in number, about 30 to 100, and were not visible to the unaided eye until the 4th or 5th day. Delayed fermentation occurred simultaneously with development of the large colonies. He next prepared serial dilutions such that each successive dilution contained one tenth the number of cells in the preceding one and inoculated a series of sucrose agar shake tubes. He observed that the number of large colonies did not decrease in proportion to the dilutions and hence such colonies could not be explained on the basis of any difference in capacity to utilize sucrose at the beginning.
He reasoned that the determining factor must be environmental rather than difference in potentiality of the cells since all of the colonies became large when the number was small but only a few large colonies developed in heavily seeded tubes. His fundamental error was failure to recognize that the large colonies which developed in thickly-seeded tubes consisted of pure variant cells whereas the large colonies in the sparsely-seeded tubes, where all became large, contained both variant and original cells. He does not appear to have studied sufficiently the careful work of Neisser (1906) and Massini (1907) for there is no evidence throughout the paper that pure variant type subraces were ever established. His conclusion that the transformation is a gradual rather than a sudden mutation-like process was based on the fact that young colonies transferred to shake tubes required a longer period for fermentation than similar colonies which had become older. He appears to have believed that the colony as a whole was transformed due to the influence of sucrose on the formation of enzymes. There is no reason to believe that the phenomenon which Burri described differed in any way from that reported above. The evidence is conclusive that variation of mutabile strains to a given specific carbon compound occurs spontaneously in media from which the compound is absent. We are obliged to conclude, therefore, that sugars or alcohols act as specific selective agents rather than as stimulators of variation. It appears that an organism which has no capacity for spontaneous variation to a carbon compound is not caused to vary to it by cultivation in contact with the compound no matter how long the contact may be prolonged. Burri's conclusions that each and every cell of a culture is capable of becoming transformed into a lactose fermenter could not have been reached if he had taken the pains to isolate strains from the different components of colonies.
ENHANCEMENT OF FERMENTING POWER BY SERIAL TRANSPLANTS
We have long been accustomed to regard the method of transplanting serially to fresh media, at short intervals, as a certain means for invigorating cultures. More recently this has become a prevailing method for obtaining so-called dissociation. Various reports have been made regarding enhancement of power to cause fermentation when slow fermenters are transplanted serially in sugar media. The literature of this subject has been reviewed in a recent paper by Kriebel (1934) . It appears that some strains are capable of enhancement in this manner while others are not.
Previous reports indicate that all the factors involved have not been well recognized. Earlier workers appear to have sought enhancement through invigoration of the culture as a whole without due regard to variation and the isolation of variants. Kriebel (1934) has shown that some slow lactose-fermenting strains dissociate in the same manner as mutabile strains to form true B. coli. There is every reason to expect that such strains would prove capable of enhancement by serial transplants under certain experimental conditions but not under others. There is little reason to expect that a strain which fails to cause fermentation in standing cultures would ever become enhanced by serial transplants.
Our aerobacter strain 1 has been studied with reference to the factors involved in enhancement by transplanting serially in lactose peptone water. This strain requires a period of 72 hours to reverse the reaction of neutral peptone lactose water containing peptone 1 per cent, lactose 1 per cent, and dipotassium phosphate 0.25 per cent with brom-thymol-blue as indicator. It has already been shown that cultures of this organism at the end of 24 hours incubation have reached a population of about one billion cells per cubic centimeter when inoculated with about 100 cells. Plating from the tube at this time reveals the fact that variant cells are so few as to escape detection by conventional methods. Plating to lactose synthetic agar from whole colonies grown on lactose peptone agar and on plain agar showed that mnore variants are present in the former but the numbers are not strikingly different. Even at 48 hours, original cells are greatly in the majority. It becomes obvious, therefore, that we need only dilute the culture to proper proportions in order to eliminate the variant cells. If the original type cells have not profited by their sojourn in the lactose medium, then each new tube of the series starts with no greater probability of prompt fermentation.
It was determined by experiment that dilutions of 1, 10, or 100 million could be carried forward in 1-cc. portions at 24 hour intervals for a period of 30 days without influencing the period required for fermentation. On the other hand dilutions of 100,000 shortened the period to about 36 hours while still lower dilutions caused rapid transformation.
The time factor is of less importance since transplants made at 12 hours shortened the period equally well provided the dilutions were not so high as to exclude all variant cells. Transplanting from tube to tube with the tip of a straight needle might lead to erroneous conclusions.
Whether fermentation occurs promptly or is long delayed depends on the relative numbers of fermenting and non-fermenting cells present. This depends on the rate of variation and difference in relative growth rates of the original and variant cells in a medium in which the latter have a decided advantage.
The relative number of variant and original cells necessary to cause a rapid fermenting mixture was determined for aerobacter strain 1 by mixing cells in known proportions. The original strain and one of its lactose-positive variants were cultivated separately in beef-extract peptone broth for a period of 24 hours. The mixture was then prepared which contained 9 cc. of original and 1 cc. of variant. This was diluted serially in steps of 10 to 100 million. Tubes containing 20 cc. of lactose peptone phosphate broth were inoculated with 1.0 cc. of the dilutions. This proportion caused fermentation within 12 hours regardless of the total number of cells introduced. A 5.0 per cent mixture similarly prepared required 24 hours while with only 1.0 per cent the period lengthened to 36 hours.
These results indicate that a culture of the original strain inoculated in the usual manner has reached a ratio of about 1.0 pre cent after 36 hours, 5.0 per cent in 48 hours and 10 per cent in 60 hours since the average time required is 72 hours. This number correlates roughly with determinations made by plating methods.
Serial transplanting appears to be a method of doubtful value for enhancement of fermentation, since the indications are that this does not depend on invigorating the population as a whole but on the building up of variants. This can take place as well or better in standing cultures. In any event the success of serial transplanting depends on the number of cells carried forward.
A point of special interest has been brought out in the investigation of Kriebel (1934) . Fermentation occurred more promptly in a medium containing 5.0 per cent of lactose than with greater or lesser amounts. This was found to be true with the strains of colon bacteria considered here. This might seem to support the notion of a direct effect of lactose on the cells as a specific inciting agent. It is as logical, however, to regard the effect as selective.
SECONDARY COLONIES
In a previous report (1933) I have set forth the factors involved in the formation of secondary colonies. At that time it was not definitely known whether this phenomenon could occur on synthetic agar. That such colonies may be formed in this manner, and in some cases reach a size much greater than the original, has now been shown.
Since the conditions are simplified it seems possible to analyze the factors more definitely. The primary colony remains small because the cells possess a limited capacity for utilization of lactose. The same is to be seen when any bacterial species is placed in an unfavorable nutritive medium. As the medium becomes depleted, and an unfavorable reaction develops, growth of the colony ceases. During its limited growth period, variation occurs. The number of variant cells produced must be very small based on the law of probability. These cells, because of a greater capacity for utilization of lactose, are able to continue growth which, due to confluence, results in the formation of a single large secondary colony. Strains of Aerobacter cloacae, B. coli-communior, and B. coscoroba, produce rather large primary colonies and form acid. Secondary colonies remain small because the degree of enhancement is less and the acid reaction is not favorable to continued growth. Thus we arrive again at the same conclusion as formerly, that the chief factors involved in the formation of secondary colonies are depletion of nutrients and beneficial variation. We are obliged to abandon the theory of a specific inciting stimulus to variation in mutabile strains of bacteria.
NON-CORRELATED VARIATION
It is well known that dissociation of a bacterial species in which colony form is involved may be accompanied by changes in various other characteristics. Hadley (1927) has given a full review of this subject. On the other hand, there are cases known in which such correlation could not be shown. Nungester (1933) gave a list of such cases which he had investigated. There seem to be few observations on mutabile strains with regard to such behavior.
All aerobacter strains included in this study were found capable of spontaneous variation from smooth to rough and back to smooth with intermediate stages. No special study was made of the conditions which might influence the change from the normal smooth to the rough type. A few daily transplants in beefextract peptone broth sufficed to cause reversion from rough to smooth colonies. Rough colonies were frequently obtained by plating broth or agar cultures.
Two types of rough colonies were distinguished (figs. 1 and 2). The more common type formed tough membraneous colonies which could be lifted bodily from the agar by means of a needle. Such colonies could not be broken up to form a uniform suspension in salt solution. The colonies were further characterized by definite concentric rings of growth culminating in a crater-like depression at the apex, surrounded by a heavy crown ( fig. 1) In addition to the rough colonies a smooth lactose variant could always be obtained by plating from old colonies growing on lactose agar or from lactose peptone broth. Colonies of this type were large, almost transparent, and of a watery consistency on plain lactose agar. On eosin-methylene-blue agar, the colonies were easily distinguished by size, consistency and color. The several colony types described above together with the original might be observed on a single plate prepared from a liquid medium containing lactose. There was thus presented a confusing array of types similar to that which has been reported by Nungester and Alexander (1931) for a coliform species in which they described many different colony types.
GENERAL
The subject of bacterial variation and heredity has reached an almost hopeless state of confusion. Almost every possible view has been set forth and there seems no reason to hope that any uniform consensus of opinion may be reached in the immediate future. There are many advocates of a Lamarckian mode of bacterial inheritance while others hold to the view that it is essentially Darwinian. The early workers regarded variation in socalled mutabile strains as mutation in the sense of DeVries. Some more recent workers have explained this behavior as due to Mendelian segregation, while others have regarded it as evidence of a cyclogenic life history.
The experiments reported above support the view that varia-tion occurs spontaneously, in some cases at least, and without regard to environmental influences. Variation, when beneficial, may be preserved by selective action of the medium. Nonbeneficial variation, such as poor adaptation to nutrients, would be eliminated by overgrowth of the more vigorous original cells.
SUMMARY
Eleven mutabile strains of colon bacteria, two strains of B. paratyphi B, and three strains of B. typhi have been studied. All strains of colon bacteria and B. paratyphi B grew in synthetic culture media containing ammonia and the carbon compound to which variation occurs. One strain of B. coli-mutabile consisted of a mixture of cells, the majority of which could not utilize lactose.
Sugars and alcohols act as selective agents but do not exert a specific inciting stimulus to variation. Variant cells were invariably present in plain agar colonies but in such small numbers as to escape detection by conventional methods. The number of variant cells in a colony can be determined by means of densely seeded agar of appropriate formula. Secondary coloniies are formed by colonies growing on synthetic agar containing the appropriate carbon compound. The factors involved in their formation are depletion of food and beneficial variation.
Enhancement of fermentation by serial transplants depends on conditions which permit building up of variant cells. The most important factor is the number of cells transplanted from tube to tube.
Variation in form from smooth to rough and back to smooth, in aerobacter strains, is not correlated witlh variation to lactose. 
